The thermal resistance of Listeria monocytogenes associated with a milk-borne outbreak of listeriosis was determined in parallel experiments by using freely suspended bacteria and bacteria internalized by phagocytes. The latter inoculum was generated by an in vitro phagocytosis reaction with immune-antigen-elicited murine peritoneal phagocytes. The 25-C3, 1985).
Between 30 June and 30 August 1983, 49 people in Massachusetts contracted listeriosis. Forty-two cases occurred in immunosuppressed adults and seven occurred in neonates; mortality was 29%. Most of the Listeria monocytogenes isolates from these patients were serotyped as 4b. Epidemiological studies (6) showed that the disease was strongly associated with drinking a certain brand of pasteurized whole milk or milk containing 2% fat. Listeriosis was diagnosed in dairy cows at farms where the implicated milk was obtained. No evidence of faulty pasteurization was detected at the dairy plants where the milk was processed. These findings raised questions concerning the efficacy of pasteurization for eliminating L. monocytogenes in contaminated bovine milk. Another major outbreak of listeriosis has since occurred in a dairy product (cheese) in California, again raising similar concerns (M. J. Linan, L. Mascola, D. L. Xiao, V. Goulet, C. Salminen, S. Fannin, and C. V. Broome, Abstr. 9th Int. Symp. Probl. Listeriosis, abstr. no. 25-C3, 1985) .
Thermal resistance studies of L. monocytogenes are few, but unusual heat resistance of this organism in whole milk ( (11) has been reported. L. monocytogenes suspended in skim milk at an inoculum of 105 bacteria per ml was shown to survive thermal processing during the production of cottage cheese (15) and nonfat dry milk (5) . Heat studies at this inoculum level with strain Scott A, an isolate from the Massachusetts outbreak, indicated that the organism freely suspended in milk would not survive the pasteurization process (2) .
The pathogenesis of L. monocytogenes, particularly the facultative intracellular nature of this organism, has caused epidemiologists to speculate that the intracellular position may protect L. monocytogenes from thermal inactivation during pasteurization (6 Phagocytosis reaction. Twelve 50-ml Erlenmeyer flasks were labeled and grouped as follows. Group 1 contained flasks A, B, and C, each of which received 5 ml of phagocyte suspension; group 2 contained flasks D, E, and F, each of which received 5 ml of sterile minimal essential medium; group 3 contained flasks G1, H1, and Ii, each of which received 5 ml of phagocyte suspension; and group 4 contained flasks G2, H2, and I2, each of which remained empty until initiation of the reaction. All In summary, the final three groups of tubes generated were as follows. Group 1 included tubes A, B, and C, each containing phagocytes and free and intracellular L. monocytogenes; group 2 included tubes D, E, and F, each containing free L. monocytogenes; and group 3 included tubes G, H, and I, each containing phagocytes and free L. monocytogenes. Each tube was carried through three low-speed centrifugations and washings (International Equipment Co. CRU5000 centrifuge; 0°C at 900 x g, 300 x g, and 300 x g) to reduce the number of extracellular L. monocytogenes relative to the number of phagocytes.
Determination of viable intracellular bacteria. After the three centrifugations, all pellets were brought up in 1 ml of phosphate-buffered saline-2 mg of bovine serum albumin per ml-0.05% disodium EDTA. From tubes containing phagocytes (A to C and G to I), 10 (Tables 2 and 3 ). The determination of initial counts for each condition is shown in The extrapolated D71.7-c value (161°F) for the internalized bacterium samples was 1.9 s with a ZD value of 6.0°C.
The comparison of results from testing freely suspended bacteria either in sealed tubes or in a slug-flow heat exchanger is given in Table 3 . The regression lines generated by the separate methods did not differ significantly at the a = 0.05 level (Fig. 1) . The estimated D71.7'c value equaled 1.6 s and was obtained from the pooled regression line. The measured D71.7c value was 1.3 s as shown in Table 3 and Fig. 1 . The ZD value was 6.1°C.
DISCUSSION
Several methods for eliciting murine peritoneal phagocytes have been reported (3, 8, 9, 13, 17) . Results from in vitro phagocytosis reactions of L. monocytogenes vary with the strain of mouse, the immunological status of the mouse (immune versus nonimmune), the elicitation procedure (antigen specific versus nonspecific), the ratio of bacteria to phagocytes in the reaction mixture, the time of reaction, the method of detecting viable intracellular bacteria (differential staining, chemiluminescence, osmotic or cold-shock lysis, and radioactive labeling), and the status of the phagocyte suspension (pooled phagocytes versus individual-mouse phagocytes). We used an immune-antigen-elicited protocol to generate a maximum number of peritoneal phagocytes that would, in turn, take up the most bacteria in the shortest incubation time so that the resulting suspension could be standardized and used in a raw-milk thermal resistance study. (Tables 1 and 2 ). Differential centrifugation, although not optimal in strict phagocytosis-bacteriocidal assays (8, 9, 17) monocytogenes from thermal inactivation at the pasteurization temperature. These data support the conclusion that the present pasteurization guidelines of the Food and Drug Administration (7) are adequate to inactivate L. monocytogenes in whole milk.
